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1. Introduction

Given a larjge set of measurements of some quantity or variable, it
is often useful to model the data using some statistical distribution
function. For example if one has records of the '"visibility" at Milden-
hall, England for 10 a.m. February over a number of years, one may fit
a Weibull distribution to the data. The Weibull distribution has two
Parameters, and the values selected for the two parameters are the ones
for which the model best fits the data.

This report documents a FORTRAN program that has been written to
estimate the parameters of a statistical distribution function which
best fits a set of measurements on some variable. The fit is 'best"
in the sense that the model cumulative distribution function and the
empirical cumulative distribution function (from the data) are closest
to each other in the least squares sense.

Suppose the measurements are ordered from smallest to largest,

t th
hat is X(1) < X(2) < X(3) L < X(N) where X(1) represents the i
smallest measurement. Then the empirical cumulative distribution function
may be defined as

o 2i-1

B —— <
FN(x) N for x(i) < x < x(i+1)

a0 for X < x(l) . (1.1)

If F(x;9) is the model cumulative distribution function, then the values
for @ (@ may be a vector of values) which are chosen are those which
minimize the expression

N 2
) [(21-1)/(2N)-F(x1;0)] . (1.2)

i=1

In the FORTRAN program, the determination of @, is accomplished by non-
linear regression techniques where F (x) = (2i- l)/(ZN)for i=1,2, N,

is the dependent variable. Expression (1.2), the quantity to be minimized,
is the "Residual Sum of Squares'. A detailed description of the
techniques used to fit distributions to data using non-linear regression
techniques is given in Heuser, Somerville and Bean (1980)




| 2. Flow Chart

In non-linear regression, the model may be written

y = F(x;8) +¢ , (2.1)

where O represents a vector of unknown parameters.

The usual technique is to linearize F(x;0) by the use of a first order
Taylor Series expansion about guessed values 8,. The expression (2.1)
is then linear in (8-8,), and the usual least squares regression
methods may be used to estimate 6-8,, the "correction" to the original
guessed value. The procedure is then repeated with a first order
Taylor Series expansion about the '"corrected" guessed value for 0,

the process terminating when the percentage reduction in residual sum
of squares is less than some specified amounts. The flow chart below

outlines the program.

CALCULATE INITIAL VALUES
FOR PARAMETERS
(SUBROUTINE GUESS)

‘ > FOR PARAMETER ESTIMATES
(SUBROUTINE CORVEC)

"OPTIMIZE" CORRECTION VECTOR 1
i USING METHOD OF H.O. HARTLEY

SUBROUTINE MODLIN)

CALCULATE WEW R3S i
USING NEW PARAMETER ESTIMATES

TEST FOR CONVERGENCE

| (OLD RSS-NEW RSS)|/OLD RSS < 10

i PRINT OUT RESULTS
(SUBROUTINE SUCCESS)
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3.

FORTRAN Code

MRS 2222030032003 000 3322233302233 3332383333233 20 023302883032 33023322333/

OO0 ON o000

3

iy

TITLE?

INFUTS

x
WEIRULL NONLINEAR REGRESSION FROGRAM X
THE FOLLOWING PROGRAM REGRESSES VISIRILITY DATA ON THE X
WEIRULL DISTRIBRUTION, ¥
¥
) 4

Ne XZ1IN): ACC» AND Y{1!N) (SEE VARIARLE DICTIONARY)
Ny XC1IN)» AND ACC ARE INFUT ONCE IN THE BEGINNING OF THE
FROGRAM. Y(1iIN)> IS INFPUT ONCE FOR EACH REGRESSION.

JQUTFUT! SUMMARY STATISTICS OF EACH REGRESSION INCLUTING ALFHA, RETA,

FOF A

MONTH, HOUR, SIDsy RMS, COUNT, X(1:IN)» Y(1!N)y FREDICTED
YALUES OF THE DISTRIBUTION, AND THE RESIDUALS.

SECANTs CORVEC, MODLIN

GENEFAlL. OQVERVIEW OF THE REGRESSION FROBLEM. SEE "LEAST

SQUARES FITTING OF DISTRIBUTIONS USING NON-LINEAR REGRESSION"' RY
MARE HEUSER. FAUL SOMERVILLEs AND STEVE BEAN,

¥
X
¥
¥
¥
¥
X
SUBRROUTINES! GUESSs SSEs WEIRULL, FSSEAs FSSEE, SUCCESSy FAIL: ¥
¥
X
x
X
X
)
¥

220220002 200238200ttt 2202333338333 3 2330803282223 3333 32023328382

~

CKOKOKOK 10X X0AKOF ¥ 0K0KOK 30K 0K 0K 30K K KOKOK 50K K K0K 30K A0KOK 30K 30K KKK K IOK K KOR ¥R AR IO KR F R ¥ § X ¥

o w el e NeNeNeNeNe eyl

3

Ty

o

X

VARIABRLE DICTIONARY %

¥

N?  THE NUMEBER OF DRSERVATIONS (MAXIMUM OF 15) X

XC1e¢NY! THE VALUES OF THE INDEPENDENT VARIARLE (RNIISTANCE) ¥
Y{1IN)?!  THE OBSERVED WISIERILITY FROBARILITIES AT EACH X

ALFHA

BETA? THE FARAMETERS IN THE UWEIRBULL MODEL

*
*
STARTAYSTARTE! THE STARTING VALUES FOR ALFHA AND RETA COMFUTED RY %
¥

THE SUBROUTINE ‘GUESS’

CORAYCORRBY THE CORRECTION VECYORS FOR ALFHA ANDI' RETA COMPUTEL RY

THE SURROUTINE ‘CORVEC’

NRSS,0ORSS5 THE RSS FOR TWO CONSECUTIVE ESTIMATES OF ALFHA AND

MOHTH -

COUNT?

CONVER

ACC e

¥
¥
¥
BEETA., NRSS 15 FROM THE NEWER ESTIMATEs DRSS IS FROM ¥

THE OLDER ESTIMATE. *
HOUR,SID! MONTHy HOUR,y AND STATION IDENTIFIERS %
A LOOF COUNTER ¥
GeE! A LOGICAL VARIAELE THAT INDICATES CONVERGENCE, X
AN INTEGER VALUE CONTROLLING THE ACCURACY OF THE STARTING %
UALUES FOFR ALFHA AND BETA., SEE SUBROUTINE ‘GUESS’. *
X

¥

CAXAOKOR#OKCIOKAOK K K 0K 0K 0K KK KKK K 3K 30K K K 30K 30K K 330K 335 K0K 50K KKK K OK0K K0K0K 000K 0K0K ¥ X KK I0K KR Kok ¥

]
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REAL ALFHAYRETA,X(13)sY(15)»STARTAYSTARTESNRSSyORES,CORAS CORK
REAL SSE,WEIRUL +RMS

INTEGER SIDsMONTH:sHOURIN,COUNT,sACC

LOGICAL CONVERGE

COMMON NsXsY

WRITE(6s200) P FRINT A TITLE

READs N 1 INFUT THE NUMBER OF OBSERUVATIONS

READ s (X (I3 I=1yM) t INFUT VALUES OF THE INDEFENDENT VARIARLE
FEALACC ! OINFUT LEVEL OF ACCURACY OF STARTING UALUEE

' THE FOLLOWING LOOF INFUTE AND REGRESSES ON THE EMFIRICAL
I DISTRIEBUTION, THE LOOF (AND THE FROGRAM) TERMINATES ONM
' END OF FILE.

READ(S,100+END=40) (Y(I)»XI=1,N)sSIDyMONTHyHOUFR

CALL GUESS(STARTASTARTE,ACC) ! GET STARTING VALUYES FOF ALFHA

ALFHA=STARTA I AND BETA
EETA=STARTE
NR3S=SSE(ALFHASRETA)

' THE FOLLOWING LOOF SOLVES FOR ALFHA AND BETA, CONVERGENCE IS

' ASSUMED WHEN THE FROFORTIONAL CHANGE IN THE RSS FOR TWQ COw
¢ SECUTIVE ESTIMATES IS LESS THAN 1E-7.

COUNT=0 VO INITIALIZE THE LOOF CONTROL
CONVERGE=.FALSE. I VARIABLES

IF ((COUNT.GT.50).DR.(CONVERGE)) GOTOD 30
ORSS=NRSS
Chalt CORVEC(ALFHASBETA,CORAYCORE?
CALL MODLIN(ALPHA,BETA,CORAYCORBE)
NRSS=SSE(ALFHA»BETA) '
CONVERGE=ARS(ORSS-NRSS) .LT.(DRESk1.0E-7)
COUNT=C0OUNT+1

3070 20

IF (CONVERGE) THEN

CALL SUCCESS(SIDsMONTHyHOUR,ALFPHA» RETANRSE,COUNT)
FLSE

Akl FAIL(SIDYMONTH,HOUR,STARTASSTARTE,ALFHACBETAYNRES)
END IF

3070 10

STOF

FORMAT(1X+:4F4,3+s15+12,11)

FOFMAT(///+35Xy "NONLINEAR REGRESSION OF THE WEIRULL MODEL ON

'VISIRILITY DATA Yy // /)
END

v

y
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(2222020000222 00 0333022332333 333 333033302033 332333230333332333¢%333¢32%]

C

C

C ¢

C WEIRUL I8 A REAL FUNCTION THAT COMFUTES THE VALUE OF THE WEIERULL %

C DISTRIBUTION FOR THE INPUT FARAMETERS X, ALPHA» AND BETA., ALL X

C COMMUNICATION WITH THE PROCEDURE IS THROUGH THE FARAMETER LIST X
X
X

C AND FUNCTION NAME.
C

K K IOKOKOR KKK KK 30K 0K 30K KK 0K 30K 5K 30K K 3K K KK K K KOOK KRR R KKK MOR KRR KRR KKK KK KKK K
C
REAL FUNCTION WEIRUL(XsALFHA,RETA)
REAL X,ALFHAYRETA
WEIRUL=1,0-EXF(~-ALFHAX{(XXXEETA))
RETURN
END

L
TR KRR XOKKOF OF KK KK 0K KK KK KOK KKK 30K KKK 50K 3% XOK K KK JOK OK X KK 8 0K 9 K KKK 3 % 0K K ¥ K

r ¥
 SSE IS A REAL FUNCTION THAT COMFUTES THE SUM OF THE SQUARED ERRORS %
C IN THE WEIBULL MODEL AS A FUNCTION OF ALFHA AND BETA., COMMUNICA- ¥
C TION WITH THE FROCEDURE IS DONE THROUGH THE FARAMETER LISTs THE ¥
C FUNCTION NAME: AND THE COMMON BLOCK. ¥
C L
CXHFAKORKRRAOKOKIOK KKK KOOI XK K OK KKK JOK 30K K 30K KKK 50K 50K K KK 30K 30K K XK 30K KK 0K KO8 YO Kk %
C
REAL FUNCTION SSE(ALFHASERETA)

INTEGER I.N

REAL ALFHASBETA»X(1S)»Y(15) sy WEIRUL

COMMON N+X»Y

SSE=0.0

0 10 I=1yN

SOE=SSE+(Y(I)-WEIRUL(X(I)yALFHAYEETA) ) %%2

Lo CONTINUE

FETURN

TND

C
TR HFOO00OKOO0OEE X OORRO0ONKHOOOO0OOE KOO0 OO ¥ F A XK ¥ ¥
- ¥
CORVEC IS A SURROUTINE THAT COMFUTES THE CORRECTION VECTORS CORA ¥
AND CORE. COMMUNICATION WITH THE FROCEDURE IS DONE THROUGH THE *
FARAMETER LIST AND THE COMMON ELOCK, THE INFUT FARAMETERS ARE ¥
ALFHA AND BETAS OUTFUT FARAMETERS ARE CORA AND CORE, X

¥

X

T T Y i

ﬁ*?*t*ttt#***#**#*#**i***t***X************X*********X*X******X*t*****
r

J

SUBROUTINE CORVEC(ALFHAYRETA»CORACORE)
INTEGER IsN
REAL ALFHAYRETA»CORAsCORE
REAL DERAYDEREB'TEMFsRSsWEIBULCL11,C12,C22,011+002
FEAL X{19)yY(15)
COMMON N XY

. o L.



C11=0.,0 ! £11,C12,C22,D1, D2 REFRESENT A EYMMETRIC
C12=0,0 ! SYSTEM OF 2 EQUATIONS IM 2 UNKNOUWNS, THE 2
£22=0.0 ' UNKNOWNS ARE CORA AND CORRB. HERE (110102722
p1r=¢.0 t D1y AND D2 ARE INITIALIZED 10 5. IN THE IO
n2=0.,9 ' LOOF THAT FOLLOWS, THEIR VALUES ARE COMFUTELD,

0o 10 I=1sN
RS=Y(I)~WEIBUL(X(I)sALFHA»RETA)
TEMF=XY(IYXXRETA
DERA=TEMFXEXFP (-~ALFHA¥TEMF)

DERE=LERAXALOG(X(IY)IXALFHA

KRS=0RS-EXF

DERIVATIVE WITH FECFEDT
TO ALFHA
DERIVATIVE WITH FESFECT

TO BETA
| C11=Cl1+(DEFAX¥2D) COMFUTE €11
C12=C12+(DERAXDERER) COMPUTE 12
C22=C22+(DEREX%2) COMFUTE CO2U
Ni=01+(DERAXRS) COMFUTE D1

D2=D2+(DEFRBXRS)
) CONTINUE

COMFUTE It

3 -

TEMF=(C11%C22)-(C12%%2) ' NOW THE SYSTEM IS SOLVED
' USING CRAMER'S RULE
! TEMF IS THE DRETERMINAWT
CORA=((TIXC2I2y-(N2%C12% ) /TEMP
CORB=((C11%kD2)-(D1%C12) Y/ TEMF
RETURN
EMD
r 1
RSS2 22022 2000002008 000023223220 000232323323020828002020 2088820, i
C ¥

;Y

MODLIN IS A SURRODUTINE THAT IMFLEMENTS THE MODIFICATION OF
C LINEARIZATION METHOD FPROFOSED RY H.0. HARTLEY IN HIS FAFER
T MODIFIED GAUSS-NEWTON METHOD FOR THE FITTING OF NON-LINEAR REGRESS-
! TOI0N FUNCTIONS RY LEAST SQUARES.,® ALL COMMUNICATION WITH THE FREOC-
{ ©ODURE IS DONE THROUGH THE FARAMETER LISTS ALFHASRETA,CORACORE.
C HODLIN OFTIMIZES THE CORRECTION VECTORS COMPUTED BY CORVEC AND
COALDE THEM TO ALFHA AND BETA. WHEN THE FROCEDURE RETURNS, aLFHA

THE »
* THE v
w

PR

THEY
ANTL %
BETA ARE THE MEW FARAMETER ESTIMATES., THE VALUJES OF CORA AND CORF ¥
MAY HAVE BEEN CHANGED IN THE FROCEDURE. *
&
4

~
SRR ESRSARRRR ARt Rt e Rt i R b R sy Rd

SUERDUTINE MODLIN(ALFHASRETA,CORAYCORE)
REAL ALFHABETACORA:CORE
REAL ROYQ1,02/,V»SSEYTENDOM
REAL TEMF

' LET THETA=(ALFHA»RETA) RE THE CURRENT FARAMETER VALUES AND

! DPELTA=(CORA,CORE) BRE THE CORRECTION VECTOR. MODLIN ESTIMATES
' THE VALYE OF V:>=0 THAT MINIMIZES
1

1

SSE(THETA+Y¥DELTAY, SSE IS
COMFUTED AT THETA (Q0)y THETA+.5XDELTA (QLYy AMD THETALDELTA
(Q2), ¥ IS FOUND SO THAT THETA+VXDELTA 1% THE VERTEX 0F THE

FARAECLA "AGSSING THROUGH Q0. Qt: AND Q2.




10
C

C

&

[r—————

NO0=85SE(ALFHAYEETA)
Q1=SSE(ALFHA+.S%CORA,BETA+.5%CORE)
(2=SSE(ALFHA+CORA+EETA+CORE)

DENOM=4,0%(Q24Q0-(2.,0%Q1))

' IF DENOM IS CLOSE TO ZERO THEN WE CAN’T COMPUTE ¥V WITHOUT
! PRODUCING A DIVIDE-BY-ZERO OR FLOATING-POINT-OVERFLOW

' ERROR. 1IN THIS CASE, ADD THE CORRECTION VECTOR ASSOCIATED
' WITH THE MINIMUM OF Q1 AND Q2 TQ ALFHA AND RETA.

TF (ABS{DENOM)>.LT.1E-15) THEN
IF (Q1.L7.Q2) THEN
ALFHA=ALFHA+ . SXCORA
EETA=BETA+.5%CORE
ELSE
ALFHA=ALFHA+CORA
EETA=RETA+CORE
END IF
RETURN
END IF

V=, 53+ (QRO-Q2) /DENOM)
TEMF=CSSECALFHA+UXCORAYRETA+VXCORR)

' IF V<0 DR TEMF:Q0 THEN THE COMFUTATION OF UV IS REDONE WITH
PDELTA= S¥IELTA,

IF 4V LT.0.0).0R.(TEMF.GT,Q0)) THEN
CORA=.SXCORG
CORE=,S¥CORE
N2=Q1
N1=8SE{(ALFHA+.SXCORAYBETA+.,.S¥CORR)
(3070 10

EMD IF

ALFHA=ALFHA+VXCORA
RETA=RETA+VUYCORE
FETURN

END

TV AR O AR SOKORCOEKOR SO AOKKOKOKXOKK KKK K K IOKOK X X 30K KR RO ¥ XOR F Ok KO Kk ok ¥ % ¥

-
i

GUeEce

T BEETA,

IS A SUBRQUTINE THAT FINDS STARTING VALUES FOR ALFHA AND
COMMUNICATION WITH THE PROCEDURE IS THROUGH THE FARAMETEFR

C LIST ANI' THE COMMON ELOCK., ALFHA AND RETA ARE BOTH QUTFUT FARA-
C METEFRSF ACC IS AN INFUT FARAMETER,
C

CHOFXOKOF XOF K X0 XOKOKOK 0K OKOK K KOK K K0KOKOK XK K K0K KOKOK K KK KKK KOO KK OO R KR Y R XX

¥
¥
*
X
¥
¥
X
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SUEROUTINE GUESS{ALFHAIRETA,ACC)

CXTERNAL FSSEA»FSSER

INTEGER IsJsNsEL(T)»ACC

REAL ALFHASEBETASC(3),D(3)»71,T2,FS5EAFSSER
REAL X715%,Y(15)

LOGICAL CONVERGE

COMMON NsX» Y

" GIVEN TWO DATA FOINTS IN THE EMFIRICAL DISTRIRUTION, WE CAn
! SOLVE FOR ALFHA AND BETA S0 THAT THE WEIRULL MODEL FYT®

! THROUGH THOSE TWOD FOINTS EXACTLY, GUESS CHOQSEZ THREEF [aiA J
! FOINTE AND FITS THE WEIRULL THRQUGH THE FIRST TWO, THE L4S)

I TWDy AND THE FIRST AND LLAST FOINTS» THUS ARKTYVING AT THRIX

' DIFFERENT EETIMATES FOR ALFHA AND FEETA.  THE AVIURAGET O e
' THREE ESTIMATES ARE USED AS STARTING UALUES VDR A FYA Arne

' RETA

ALEHA=0,0
EETA=0.0
IF OY(NY L EQR,0Q.0) RETURN

E{iy=2 ! THE VALUES OF E(1), E(2)s ANT £42) LETERMINE
£E(2)=8 ' WHICH THREE DATA FOINTS ARE CHOSEN. HERE THI
Fe2i=13 i 2ZND's BTHs AND 13TH FOINTYZS aRE USED,

40 20 I=1,3
DIy =X(ECIY)
IF (YYE{TIXYLEQ.0.0) THEN
CiIN=.00001
Ei.SE
CCIY=Y(ECIY)
END IF
CONTINUE

o 20 I=1.2
J=MO00CI, 34!
T1=ALOG(ALOG(1,0-C(I))/ALOG(L.,0-C( XY /ALDGIDC(TI)/ /D)
JETA=BETA+T]
ALFHA=ALFHAY (-ALOG(L . 0-C(I))/DCIY¥¥TLD

CONTIMLE

ALFHA=ALFHA/3 .0
RETA-RETA/2.0

* MOSY OF THE TIME THESE STARTING VALUES WILL RE GOOD' ENODUGH '
! BEGIN THE NONLINEAR REGRESSION FROCEDURE, SOME CASES.

' HOWEVER, WILL REQUIRE EVEN MORE ACCURATE STARTING VALUES.

' THE FOLLOWING CODIE OFPTIONALLY IMPROVES THE STARTING VAl UES.

© LDEFPENDING ON THE VALUE OF ACC, ACC IS MERELY THE

! NUMBER 27F TIMES THE LOOF BRELOW IS EXECUTER. THE LOOF TRTET

' 70 OFTIMIZE ALFHA FOR A FIXED BETAs AND THEN OFTIMLIZEY RETA
PFOR A FIYED ALFHA,




. A | p

1F ¢ACC.LE.O) RETURN

{ r
[0 40 I=1,ACC
1 T1=ALFHA
T2=RETA
CALL SECANT(ALPHA»BETA»ALPHAsPSSEA» CONVERGE)
IF (CONVERGE) CALL SECANT(ALPHA,BETA,BETA,PSSEB»CONVERGE) y
IF (.NOT.(CONVERGE)) GOTO S50 i
40 CONTINUE 1
RETURN }
%0 ALPHA=T p
BETA=T2
RETURN
ENTI
C
' R AR R R PR T e T P E PR S 2082283223228 238 3333388232 838332332 382333388
f ¥
T FAIL IS AN OQUTFUT ROUTINE CALLED WHEN A DISTRIEUTION FAILS TO CON- ¥ I
£ VERGBE AFTER SO ITERATIONS. THE VALUES OF SEVERAL VARIARLES ARE ¥ i
| C WRITTEN TO THE QUTFUT FILE, COMMUNICATION WITH THE PROCEDURE IS %
- T DOMNE THEOUGH THE FARAMETER LIST AND THE COMMON ELOCK. ALL FARM- ¥
| 2 METERS ARE INFUT FARAMETERS, ¥
; r v
| TAEFEHEF R KRN0 R KKK KK KKK KKK ¥ KKK X KX R KOO Y A X XK X ¥

{

[ SUBROUTINE FAIL(SIDsMONTHsHOUR»STARTASSTARTE»ALFHAYRETANREE!
! INTEGER SID-MONTH:HOURIN,1I

: FEAL STARTASSTARTRIALFHABETASNRSS, TEMF,X(130.Y{15),8CE
COMMON MY

TEMF-SSE(STARTA-STARTR) '
WRITE & 100"
WARITECL.200) SINsMONTHHOUR
WEITE L300
WEITE(L-400) STARTAYSTARTR, TEMF
WEITE( 5500 ALFHAYBETASNRSS
MRITE(6s500)
WRITECSE, 7000
D010 T=1.M
WETTECS.860 X(I)sY (1)
o COMTINGE
FEETURN
UK FORMATO . /o TR0 % "yl )
T FORMET O 701X "ATTENTIONY STATION “yI2+¢7+ MONTH 51257, HOUR ‘.
¢ Tie’ FAILED TO »/91X.'CONVERGE AFTER S0 ITERATTONS., ")
a0 FORMATC /- 1X s "0 VARIARLE DUMF FOLLOWSE? s/
AGA CORMAT (1% "STARTA="+615.7y’ STARTE=',04G15.7.

% ’ SSE(STARTA,STARTE)='+G15.7?
w00 FORMAT(1X» 'ALFPHA='+G615.7+ " RETA='yG1%.7y
$ ‘ SSE(ALFHA»BETA)="y0615,7)

Lng FORMAT(/sSX» "ENIIFTS ' »14Xy ' ORCUMFR /)
700 FORMAT ("t saAXy "’ L 1Ay e 8 /Y
500 FOEMAT(IXsB1S5,.795X9615,7)

Epo




ARSI 0220 st RN N 22232532222 33322332222223212
T SUCTESS IS AN QUTFUT ROUTINE CALLED WHEN A DISTRIBUTION COMUERGH: ¥
, 0 SUCCESSFULLY WITHIN S0 ITERATIONS., SUMMARY STATISTICS QOF THFE ¥
f T REGRESSION ARFE WRITTEN TO THE OUTFUT FILE. COMMUNICATION WITH *
‘ T OTHE FROCETDURE TS THROUGH THE FAFAMETER LIST AND COMMON  FLOCK ¥
S OALL FARAMETERS ARE INFUT FARAMETERS, &
0 ¥
SR Y S R SR F S R R RN S PR S S RS R S PR S 2282324323282 222383232233222322Y;
SURROUTINE SUCCESS(SIDyMONTHrHOURsALFHAYEBETA'NRSS, COUNT)
INTEGER SIDsMANTH HOURsI,N:COUNT
REAL ALFHAYBETAINRSSsRMS»X(15) s Y(1S) sEX RSy WETKRUL
TOMMON M Xy
RMS=SQET (NRSS/FLOATINY)
WRITE(6:100) ‘
WRITE(&6s200)
, WRITE{(&:300)
WRITE(45400) SIDsMONTHsHOURYALFHASRETASREMS, COUNT
WEITE (S 500
WRITE(4:400)
OO 10 I=1,M
EX=WETRUL(X(I)»ALFHASEETA)
RS=Y (] :~EX
WRITE(S5+700% X(IVaYiIdsEXIRS
10 COMTINUE
SETURN
r
100 FORMATL A/ /s TRLeIS50 % 'Yy, 2.0)
200 FORMAT (10X "STATION ID’ ¢SX» "MONTH  »SX s "HOUR’ -10Y s " ALFHA -1S%
+ ‘RETA +17Xs 'RM8’211Xs 4 0OF ITERATIGNG )
300 FORMAT. "4/ 9%y o e SX e ASXy 10X ety
¢ PR 2 B S ILANRAT TS B 1. O T B PVA]
400 FORMAT (LY s T4s2(BXE s 12) 16X 1614.714X901 A4, 794Xy G1LA 7y itV 1 Xy g0
AN FORMAT(TI8, "ENDPTS 35Xy 'ORCUMFR’ » 10Xy "EXCUMFFR ‘s 12%, "RESTITIUAL )
5070 CORMATC 4 s T30 e 05X 0 e P3Oy 1Y
4 )
‘ Toa FORMAT(TZ7F 7,83 4%FS,.3:7%:615.725%X9y615.7)
3 END
‘ R AR R E R SRS $ S N R 0282232223283 33322 3333 ¢33 82333333333 333338337
P

SETANT IS A SUBROUTINE THAT USES THE SECANT METHOL OF ROOT SQOLUING

T FIND THE ROOT OF FSSEA HOLDING EBETA CONSTANT. OF TO FIND THE

« 07 OF PSSER HOLDING ALFHA CONSTANT, (THIS MEANS I7T WILL FIND THE

T EZST ALFHA FOR 6 GIVEN EBETA, OR THE BEST BRETA FOR & GIVEN ALFHAL)
T COMMUNICATION WITH THE FROCEDURE OCCURS THROUGH THE FARAMETER LIST
TOAND THE COMMON ERLOCK, IN THE FARAMETER LIST: ALFHA ANDI BRETA ARE
TOTHE CURRENT VALUES OF THE MODEL FARAMETERS. FARM IS THE VARIAELE
o FEING OFTIMIZED (STTHER ALFHA QR EETA)s AND FDER IS THE FARTIAL

- L ODERTLATIVE FUNCTION (EITHER FSSEA OR PSSEER) . CONVERGE IS A LOGICAL
ConaR IARLE TNDICATING WHETHER THE SECANT METHODN CONVERGED ON A KOOQT,
T SOLVE F0OR THE ROOT OF FSSEAs SET FARM=ALFHA AND FDER=FSSEA, THE
COOBETIMIZED VALUE OF ALFHA WILL RE RETURNED. 70 SOLVE FOR THE FODT OF¥

T

3}
mon -4
LA o B

W e W e A e e W e o X

©OPCSCE, SET FARM-BETA AND FDER=FSSER, THE OFTIMIZED VALUE OF RETY *
Tt WE ORETIURNED, 3
; ¥

R AR R AR AR AR AR AR AR AARS S 002220200 ARR 0000022202000 0000 RSS!
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SUBFDUTINE SECANT(ALFHAYEETA»FPARMFLER > CONVERGE)
REAL ALPHAYBETAYFARMFOER» XC1S) »Y(1E)» TLy T2 T2y DELTA
INTEGER N»I
LOGICAL CONVERGE
COMMON Ny X»Y

T2=FDER(ALFHARETA)
DELTA=.001
FARM=FARM+DELTA
CONVERGE=. TRUL .

0 10 I=1,1%
T1=FLER(ALFHAYRETAD
T3=T1-72
TF CABS(TI) WLELIE-15) GOTO 15
DELTA={-TIXDELTAY /(T3)
FARM-FARMADELTA
iF (ABS(DELTA).LEL1E-7) GOTO 20
TR=T1

CONTINUE

CTOMVERGE=.FALSE,
FETURN
END

RS AR AR R EARLRS R RA RSSO SRS SRt 20020030035 RS0 ARS LY

i T2 A REAL FUNCTION THAT COMFUTES THE FARTIAL DERIVATIVE
FESFEDT TO A4LFHA, COMMUMICATION WITH THE FROCEDURE OCCURE

UbH THE FUNCTION NAME, COMMON BLOCKs AND FARAMETER LIST,
RETY ARE IAFUT FARAMETERSF THE VALUE OF THE DERIVATIVE 1%

EMED THROUGH THE FUNCTION NAME,

CHREKKKES N ERTHHRAREAR KRNI DR F R R AT AR R Ry

SEAL FUNCTION FSSEACALFHASEETA)
EEAL ALFPHAYBETA X L10) oY (L1S) s TL, T2
INTEGER N1
COMMOM NeXoeY

FSSEA= 0,0
0 10 T=1ep

T1=X{ [)KYRETA

TOPEXF(=ALFHA¥TL)

FSSEA=FSSEA+/ Y/ I)~1,04T2)(~T21XT2)
CONTINUE

ETURM
M
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NS SRS RS RS R SRR ARR RS2SR0 AT RN SRR RN RN RENYEN]
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FSSER IS A REAL FUNCTION THAT COMFUTES THE FaRTIaAL

SSE WITH RESFECT 70 RETA, COMMUNICATION WITH THE FROCELURE

THROUGH THE FUNCTION NAME,» COMMON BLOCK,

ANI* EETA ARE INFUT FARAMETERS/

THE VALUE OF

RETUENED THROUGH THE FUNCTION NAME.

AND PARAMETER LICY

THE DERIUATIVE

PERTUAT TP OF

ACCURS
EYRETS

.
4,

»

e

4

<
4

PSRN RSS RS PRS2SR0 R0 ottt RRRRERRRRsNY

¢

REAL FUNCTION FSSEER(ALFHASEETA)
FEAL ALFHABRETAsX (13 yY (103 ,T1,TE»T3,74

TNTEGER Ny1
COMMON NeX,Y

FSIER=0.0

Do I=tyM
Ti=aX{IYR¥EETA
TO=EYF(-ALFHAYXTL)

VIs-ALFHAXALOGIX(I)IXT1*T2

T4=Y(I)=21.0412
FSSER=FSEFEATI4TA
CONTINUE

RETURN
EMD
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4. Some Remarks About the Program

The program given in this report was written to fit the Weibull
distribution to visibility data. The visibility data was that
contained in the "Revised Uniform Summary of Weather Observations'
(RUSSWO's) prepared by the Data Processing Division of the Air Weather
Service. Some changes must be made to fit another distribution to
another variable. The program is made up of a series of subroutines
and functions so that these may be altered to fit the users need without
changing the flow of the program.

The function WEIBUL must be replaced by the desired cumulative
distribution function (CDF). Also, the name of the function, WEIBUL,
must be changed rhroughout the program if the name of the function is
changed. The subroutine GUESS which gives the initial values of the
parameters must be changed to correspond to the distribution being
used. The same basic idea can be used. However, it may take more
programming for other distributions particularly if the distribution
is not in closed form. The subroutine CORVEC must be changed where
the partial derivatives DERA and DERB occur. Another change is required
in the functions PSSEA and PSSEB which are functions which take partials
with respect to each of the parameters of the sum of squared errors.

The appropriate partials must replace those of the Weibull distribution
in each of these functioms.

The program was designed to run in a batch environment, and the rules
of standard FORTRAN -~ IV were adhered to as closely as possible. The only
departures from FORTRAN - IV are the use of the IF-THEN-ELSE-ENDIF
structure commonly found in FORTRAN 77, and the use of the exclamation mark
to permit comments on the same line as code. Both deviations were made
merely for clarity's sake in the program.

19%7]
.

Sample Qutput

A sample output is shown in page 1l4.
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Heuser, M. L., P. N. Somerville, and S. J. Bean ''Least Squares
Fitting of Distributions Using Non-linear Regression”.
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